The ethnobotanical importance of the family Piperaceae is recognized mainly for its medicinal properties. A total of 106 species of two genera of this family (Piper and Peperomia) have been collected in Oaxaca, but only 18 are recorded in scientific publications as medicinal, edible, veterinary, or ritual plants. The objectives of this study are to describe the traditional knowledge and uses of the Piperaceae in areas of high biocultural diversity of Oaxaca and to analyze the relationship between its geographic distribution with ethnobotanical records among ethnic groups. Fieldwork was carried out between 2013 and 2016, and voucher specimens were reviewed in Mexican herbaria. Two multivariate analyses were applied to compare the geographic distribution of Piperaceae with ethnobotanical knowledge in Oaxaca. A total of 13 species of Peperomia, and 7 of Piper were collected, besides some unidentified species of both genera. Seven use categories were registered, with medicinal and edible being the most important. A high percentage (65%) of the species is named in at least one native language. Most species have a single use, mainly medicinal. Peperomia has been collected in Oaxaca since 1980, while Piper since 1960. Multivariate analysis indicated the existence of a differentiated ethnobotanical knowledge of this family among ethnic groups, related to the geographic distribution of species. This study evidences that ethnic groups, who maintain areas of higher biodiversity, obtain these species mainly from the wild, from specific microenvironments; hence, conservation practices must be reinforced for them, as for all ecosystems in general.
Introduction
Mexico is considered among the 10 countries with the highest levels of biological and cultural diversity in the world (Comisi on Nacional para el Conocimiento y Uso de la Biodiversidad [CONABIO] , 2019). Based on archaeological records, it is known that use and management of natural resources have occurred at least since 10,000 years ago (Flannery, 1986; MacNeish, 1992) , which implies accumulative processes of learning, trying, selection, use, and management of those resources that were selected for different purposes. In addition, a philosophical context has evolved, which means that people have developed a cosmovision, in order to link this knowledge and practices with metaphysic concepts to give a sense to their surrounding world (Menzies & Butler, 2006) . Ethnobotanical research has tried to understand that complex world, in order to interpret and explain patterns and processes involved in it, and, as a consequence, different studies have been developed in areas of Mexico, attempting to know, understand, and explain that knowledge.
Oaxaca is one of the five states with the highest biological richness in Mexico as well as one of the most important in terms of ethnic composition (De Avila, 2004) ; hence, traditional knowledge has been recognized in different studies. In terms of floristic records, Oaxaca contains 40% of the Mexican flora, including 8,000 plant species (Pteridophytes, Gymnosperms, Angiosperms), distributed in 26 vegetation types (Mickel & Beitel, 1988; Torres-Col ın, 2004) that represent 70% of all type of vegetation present in Mexico (Garc ıa-Mendoza, Ordoñez, & Briones-Salas, 2004) . Culturally, Oaxaca concentrates 30% of the ethnic groups present in Mexican territory. In this context, knowledge and use of plant resources have been part of their evolution and maintenance in different territories, with a range of different ecological, geological, and climatic conditions within this state. These are the reasons to classify Oaxaca in eight different territorial regions (Instituto Nacional para el Federalismo y el Desarrollo Municipal-Secretar ıa de Gobernaci on, 2010; Ord oñez, 2000) and in eight Priority Terrestrial Regions (PTRs) (Arriaga et al., 2000) . Due to this complex biocultural diversity (Boege, 2008; Toledo et al., 2001) , ethnobotanical research in Oaxaca has been developed during decades, focusing on different aspects (Brown & Chase, 1981; Cardoso, 2004; Cruz & Cruz, 1992; Hunn, 2008;  Luna-Jose´& Rend on- Luna-Morales, Aguirre, & Rogelio, 2001; Martin, 1996; Messer, 1978; Rend on-Aguilar, Bernal-Ram ırez, & Bravo-Avilez, 2017; Rendon-Aguilar, Bernal-Rami rez, Bravo-Avilez, & Mendoza-Ruiz, 2017; Van der Wal, 1996 ; Ventura-Aquino, Rend on- Aguilar, Rebollar, & Herna´ndez, 2008; Zizumbo & Colunga, 1982; among others) . This is the case for ethnobotanical studies about traditional knowledge, use and management of different plant families, such as Piperaceae.
Recent floristic data indicate that from the 321 botanical families present in the state of Oaxaca, Piperaceae is among the 20 most species-rich ones, with two genera (Peperomia and Piper), and 106 species (Garc ıa-Mendoza & Meave, 2011; Fonseca, 2011; Fonseca & Samain, 2011) , which corresponds to 42% of the species of this family collected in Mexico (Villaseñor, 2016) , and 2.9% of the total species recorded globally (Frenzke et al., 2015; Quijano-Abril, Callejas-Posada, & Miranda-Esquivel, 2006; Wanke et al., 2007) . In addition to these records, a research project including a screening of the ethnofloristic richness in Oaxaca (Rend on- Aguilar, Bernal-Ram ırez, & Bravo-Avilez, 2017) reported that the family Piperaceae is one of the 10 most useful families in Oaxaca, of a total of 142 families (Rend on- Aguilar, Bernal-Ram ırez, & Bravo-Avilez, 2017; Rendon-Aguilar, Bernal-Rami rez, Bravo-Avilez, & Mendoza-Ruiz, 2017) .
However, relatively few taxa have been reported with a traditional use in scientific literature, mainly in the states of Chiapas, Oaxaca, and Veracruz. In the case of Piper, ethnobotanical studies reported only six species: Piper auritum Kunth (Aguilar, Chino, Jaquez, & Lopez, 1994; Andrade-Cetto & Heinrich, 2005; Browner, 1985;  Estrada-Reyes, Mart ınez-Laurrabaquio, Ubaldo-Sua´rez, & Araujo-Escalona, 2013; Frei, Baltisberger, Sticher, & Heinrich, 1998; Garci a, Leyva, Marti nez & Stashenko, 2007; Geck, 2018; Geck, Reyes-Garc ıa, Casu, & Leonti, 2016; Joly, 1981; Marti nez, 1969; Pic o & Nuez, 2000; Salinas-Espinoza, Va´squez-Da´vila, Romero-Santilla´n, Manzanero-Medina, 2017; Schultes & Hofmann, 2000) ; Piper umbellatum L. (Giovannini & Heinrich, 2009; Roersch, 2010) ; Piper sanctum (Miq.) Schltdl. ex C. DC.; Piper marginatum Jacq. (Pic o & Nuez, 2000) ; Piper amalago L.; and Piper unguiculatum Ruiz & Pav. (Frei et al., 1998; Geck, 2018; Geck et al., 2016) .
In (Giovannini & Heinrich, 2009; Mahiou et al., 1995) , and Peperomia nigropunctata Miq. (Fournet et al., 1996; Giovannini & Heinrich, 2009) .
For these reasons, the objectives of this work are to contribute to the ethnofloristic records of useful Piperaceae in Oaxaca, in areas of high biocultural diversity, and to analyze the relationship between the geographical distribution of this family and its ethnobotanical records among ethnic groups, in order to discard possible bias due to an oversampling during the development of this study within any of the PTRs.
Methods

Study Area
The study area comprised 84 municipalities ( Figure 1 ) belonging to three of the eight PTRs proposed by Arriaga et al. (2000) for the state of Oaxaca, all of them characterized by a very rich ethnic composition and high levels of biodiversity. These municipalities were selected in order to obtain a representative sample of each PTR, trying to include most of the area occupied by each one (Bernal-Ram ırez et al., 2019; Rend on-Aguilar, Bernal-Ram ırez, & Bravo-Avilez, 2017; Rendon-Aguilar, Bernal-Rami rez, Bravo-Avilez, & Mendoza-Ruiz, 2017) 2
Tropical Conservation Science (Figure 1) (Online Appendix 1). These 84 municipalities represented 37% of the total (208) included in these regions (only for the state of Oaxaca): PTR 121 (Valle de Tehuaca´n-Cuicatla´n) includes 68 municipalities from Oaxaca (45) and Puebla (23). Municipalities of Oaxaca are inhabited by five ethnic groups: Cuicatec, Ixcatec, Mazatec, Nahua, and Mixtec. This region is characterized by the presence of an extensive area of semiarid vegetation in lowlands, such as xerophilous scrub and deciduous tropical forest, with a high proportion of endemism; highlands are represented by pine-oak forest and montane cloud forest. Municipalities of Oaxaca occupy more than half of this region (66.2%). We visited only five of these (11.1%), inhabited by Cuicatec, Mazatec, and Nahua.
PTR 130 (Sierras del Norte de Oaxaca-Mixe) includes 165 municipalities from Oaxaca, Puebla, and Veracruz. Those belonging to Oaxaca (156) are inhabited by Zapotec, Mixe, Chinantec, Nahua, and Mixtec ethnic groups, occupying the highest proportion of this region (94.5%). This region is characterized by a complex landscape, with the presence of different ecosystems with low levels of fragmentation, such as different kinds of temperate and tropical forests (e.g., pine forest, oak forest and subdeciduous tropical forest, among others). Montane cloud forest has its highest area of distribution in this region, and it presents a high level of conservation. We visited 76 municipalities (46%), inhabited by the ethnic groups mentioned earlier.
PTR 132 (Selva Zoque-La Sepultura) includes 17 municipalities from Chiapas, Oaxaca, and Veracruz. Seven municipalities belong to Oaxaca and are inhabited by Zapotec and Zoque groups. It occupies one of the highest extensions of all PTR. It presents a complex mixture of different tropical forests in lowlands, montane cloud forest, and different template forests in highlands. We sampled only three municipalities (17.6%) represented by Zoque ethnic group.
The sampled areas also included four municipalities with Mestizo populations (San Pedro Teutila, Natividad and Santiago Xiacu ı in PTR 130, and San Pedro Tapanatepec in PTR 132). 
Ethnobotanical Information
In each of the 84 municipalities visited, we explained the purposes of the study to local authorities, asking for support of local guides who knew the area, the plants used currently and in the past, and their names in the local language and in Spanish, as well as for authorization to collect these species. As the project involved an ethnofloristic screening of 84 municipalities, we followed an "accidental sampling," which is a nonprobabilistic sampling technique used in exploratory ethnobiological studies (Albuquerque et al., 2014) . Two or three local guides, most of them were men ranging in age between 20 and 65 years, were designated by each municipal authority; female local guides were assigned only in four municipalities (Bernal-Ram ırez et al., 2019; Rend on-Aguilar, Bernal-Ram ırez, & Bravo-Avilez, 2017; Rendon-Aguilar, Bernal-Rami rez, Bravo-Avilez, & Mendoza-Ruiz, 2017) . Ethnobotanical records came from about 200 local people. We also obtained permission to collect useful plants in preserved or sacred areas and in places with special ecological importance (e.g., near waterfalls, archaeological sites, and glens).
Fieldtrips of 10 to 12 days every 2 months were conducted for 3 years (2013) (2014) (2015) (2016) . As a consequence of these logistical limitations, in many cases, local guides noted useful species that did not show flowers and fruits at the time of the fieldwork, which were neither collected nor recorded.
Each specimen with flowers and fruits which was recognized by local guides as useful was photographed and collected, and ecological and geographical data were recorded, including date, municipality, locality, geographic coordinates, altitude, type of vegetation, visual soil characteristics, biological data of each species (habitat, size, growth form, and characteristics of reproductive structures), common name(s), use(s), use categories, parts of plants used, and descriptions of their use. All specimens were numbered, placed temporarily in brown paper bags, and later processed for transportation. Once in the laboratory, specimens were dried appropriately and distributed to specialists for their taxonomic identification.
Identification and Deposition of Plant Specimens
Herbarium specimens were reviewed and identified with specialized keys, whenever possible. One specimen was labeled, mounted, and deposited in the herbarium UAMIZ of the Metropolitan Autonomous University, Iztapalapa, Mexico City. Duplicates will be distributed to the National Herbarium of Mexico (MEXU) of the National Autonomous University of Mexico, the herbarium OAX, Interdisciplinary Research Center for Integral Development Regional Unit of Oaxaca (CIIDIR-Oaxaca), and the Institute of Ecology Herbarium, Pa´tzcuaro, Michoaca´n (IEB).
Ethnobotanical Information of Field Collections During the Project
Field information was systematized in an Excel database in order to analyze traditional knowledge, measured as the species recognized with any use, their names in a local language (De Avila, 2004) and in Spanish, use categories and the forms of use or preparation. In addition, the information for each specimen was integrated into the database BIÓ TICA ! 5.0.3 (CONABIO, 2012). Photographs of specimens taken in the field were deposited in the image bank of CONABIO.
Ethnobotanical Information of Herbarium Specimens
All specimens of this family collected in Oaxaca were reviewed in the collection of the National Herbarium of Mexico (MEXU), and the herbaria of the Institute of Ecology, A.C. in Xalapa (XAL), and Pa´tzcuaro (IEB), and the information of the labels was captured, from which an Excel database was created with the following columns: state, municipality, locality, geographical coordinates, altitude, type of vegetation, and habitat, as well as ethnobotanical information in case of existence. This information was used to compare our findings with those previously reported and to check their geographic distribution. In addition, the electronic database of the National Herbarium of Mexico was reviewed, and the same information was recorded.
Ethical Authorization
The CONABIO (Comisi on Nacional para el Conocimiento y Uso de la Biodiversidad), through the Subcoordination of Information and Analysis, provided approval of all results reported in project JF102 "Inventario etnoflor ıstico en regiones oaxaqueñas con gran biodiversidad" (Of. No. DGP/787/16).
Data Analysis
Data were analyzed to obtain the number of useful species recorded in these genera, common name (local language or Spanish), and use categories. From the 84 municipalities visited during the project, we obtained specimens of Piperaceae from 45 municipalities.
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To compare compositional similarity between our field collections of both genera in Oaxaca with the geographic distribution of the family recorded in herbaria specimens in order to discard a possible bias due to oversampling in any of the three PTR during the fieldtrips, we followed a nonmetric multidimensional scaling analysis (nMDS, using Jaccard index in PAST 3.2 software; Ø. Hammer, Harper, & Ryan, 2001) . This is a nonparametric rankbased approach for graphically representing relationships between kinds of samples in a multidimensional space through dissimilarity measure (Quinn & Keough, 2002) and is an appropriate ordination method for not normal distribution data or those with a discontinuous or arbitrary scale. In addition, a centered principal component analysis in a correlation matrix was performed to characterize possible clustering through plant species and ethnic groups and vegetation type ( 
Results
Ethnobotanical, ecological, and floristic information about Piperaceae in Oaxaca came from 45 municipalities (53.6% of the total area visited), all of them corresponding to new localities for any of the species collected, and from seven ethnic groups: Cuicatec, Chinantec, Mazatec, Mixe, Nahua, Zapotec, Zoque, as well as the Mestizo group.
Ethnobotanical Aspects of the Piperaceae Family in Oaxaca
Number of useful Piperaceae. Seventy-one specimens were collected corresponding to 20 species, 6 affinities, and 15 specimens identified only to genus level. We found 25 specimens of the genus Peperomia, belonging to 13 species, 4 affinities, and 8 specimens identified at genus level. In the case of Piper, 16 specimens were collected: seven species, two affinities, and seven identified to genus (Table 1) .
Common name (local language or Spanish). Eleven of the 17 species and all affinities of the genus Peperomia are named in at least one language, and of these, 7 also have a name in Spanish. Two species receive Spanish names only (Table 1 ). In the case of Piper, of the seven species and the two affinities, almost all are named in a native language and in Spanish, except Piper aff. uhdei which is named only in Spanish.
Use categories. Seven use categories were recorded. Species of both genera are mainly applied for medicinal purposes; the rest of the uses present variations between both genera. Hence, it is noteworthy that five species of the genus Peperomia are used as fresh (vegetable), or processed (seasoning) food, whereas in the genus Piper, only P. auritum is utilized in this form. In addition, only species of Piper are used as firewood, for construction, or for a veterinary purpose, and only three species of Peperomia are used as ornamentals (Figure 2(a) ).
The medicinal use includes treatments as diverse as acne elimination, childbirth recovery, toothache relief, stomach pain, and erysipelas symptoms, among others (Table 1) . Even two species of the genus Piper (i.e., Piper aduncum, and P. auritum) are employed against snakebites.
The ceremonial use corresponds to the species P. amalago, Peperomia obtusifolia, and Peperomia quadrangularis and is related to the treatment of psychosomatic diseases such as evil wind ("mal aire") or evil eye ("mal de ojo"). These ailments include symptoms such as headache, stomach spasms, chest tightness, teary eye, and anxiety. In addition, they usually refer to extreme anxiety or panic attacks ("susto") that can occur when, for example, a snake crosses one's path, or when someone surprises his partner in infidelity. In both cases, people are fatigued, sleepy, and they lose hair and weight, among other symptoms. Moreover, these species are placed on the altars of saints, alone or in association with mosses during and after religious celebrations. Plants used as ornamentals are usually placed in a pot or in the garden of the house (e.g., P. maculosa, Peperomia pseudoalpina, P. rotundifolia). Edible plants can be eaten on their own, such as fresh vegetables, or added to beans or tamales. Such is the case of P. hernandiifolia, P. maculosa, Peperomia pecuniifolia, and P. quadrangularis, as well as P. auritum. For construction, the stems of P. aduncum are used as the support of palm thatch roofs. The veterinary use corresponds to Piper peltatum, whose macerated leaves are smeared on the skin of affected dogs to combat scabies. For fuelwood, the thick stems of Piper lapathifolium are frequently used (Table 1) .
In relation to the number of uses, most species of Peperomia have only one, which, as already mentioned, is mainly medicinal, edible, ceremonial, or ornamental. P. maculosa and P. quadrangularis have two uses: edibleornamental and edible-ceremonial, respectively. Of the seven species of the genus Piper, six have medicinal uses and three have a dual one: P. aduncum, medicinalconstruction, P. auritum, medicinal-edible, and P. lapathifolium, medicinal-fuel (Figure 2(b) ).
Ethnobotanical Knowledge Recorded on Herbarium Specimens
The information obtained in the herbaria shows that most species of both genera, except for No information of herbaria was included for specimens with affinis, due to the absence of taxonomic classification. Cuicatec (cui); Chinantec (ch); Mazatec (ma); Mixe (mi); Náhuatl (na); Spanish (sp); Zapotec (za); Zoque (zo); Not recorded (nr). Ceremonial (C); Construction (CO); Food (F); Fuel (FU); Medicine (M); Ornament (O); Veterinary (V). MEXU (National Autonomous University of Mexico); XAL (Institute of Ecology-Xalapa); IEB (Herbarium of the Regional Center of the Baj ıo, Institute of Ecology).
P. quadrangularis, have previously been collected in several municipalities of the state, either in one to three municipalities (e.g., Peperomia alpina, P. hernandiifolia, P. maculosa, P. pseudoalpina, P. lapathifolium, and P. peltatum) or with more than 20 records (e.g., P. obtusifolia and Peperomia quadrifolia, P. aduncum, P. amalago, P. auritum). However, all the specimens collected in this study represent new records within the area sampled during this study (Table 1) . It is worth mentioning that of the 11 species with herbarium records of the genus Peperomia exclusively for the state of Oaxaca, a little more than 70% were collected from the 1980s onwards. In the case of Piper, almost 60% of the species were collected from the decade of the 1960s onwards.
The ethnobotanical information available on herbarium specimens is scarce. As indicated, only three species of Peperomia recorded food, veterinary, ceremonial and medicinal use (P. peltilimba, P. quadrifolia, P. rotundifolia) and only three species of Piper recorded some use (P. amalago, P. auritum, Piper schiedeanum), mainly medicine and food (Table 1) .
The nMDS analysis shows that the voucher specimens, as well as our records from fieldwork of the two genera of Piperaceae, do mainly overlap on the plot (Figure 3) . Dots outside the 95% confidence ellipses correspond to geographic areas of northeast Oaxaca that were visited and sampled for the first time. The principal component analysis displays at least two groups of Piperaceae species (Figure 4) . With respect to the first component, the left 12
Tropical Conservation Science section shows species used by Chinantec and Zoque ethnic groups, associated to perennial tropical forest (PTF) and subdeciduous tropical forest, and distributed in lowlands below 1,000 m a.s.l.; the section at the right groups species distributed in temperate zones, with pineoak forest, oak-pine forest, and oak forest, used by Zapotec and Mazatec ethnic groups. The second component separates, in the lower right section, those useful species collected in montane cloud forest, which are not associated with a specific ethnic group. This means that montane cloud forest in Oaxaca is a germplasm reservoir to the different ethnic groups, and even when they frequently gather natural resources from this type of vegetation, it still remains as one of the most important plant cover areas in Oaxaca (CONABIO, 2010) .
Discussion
This study resumes ethnobotanical knowledge of 26 useful species and affinities of family Piperaceae in Oaxaca, as well as new records of 17 species (5 species from Piper and 12 from Peperomia), collected in 45 municipalities, from the 84 visited between 2013 and 2016, in different biocultural regions of this state, inhabited by seven ethnic groups, and four municipalities conformed by the Mestizo group. These records represent more than those existing in previous literature for Oaxaca (from 1982 to the present). In addition, this is the first record of five useful species of Piperaceae within Mixe communities (P. alpina, P. hernandiifolia, P. maculosa; P. amalago, and P. auritum). Ethnobotanical, taxonomic, and ecological relevance of this family for Oaxaca is remarkable due to the fact that many species are gathered from the wild. The ecological statuses of most of them are unknown; nevertheless, they grow in specific microhabitats, or on specific phorophytes, and our qualitative evaluation indicates that their populations are scarce (Table 1) , so it is possible they are at risk due to deforestation, habitat fragmentation, or over-gathering, as indicated in other studies (Arellanes et al., 2013; Blancas, Casas, Pe´rez-Salicrup, Caballero, & Vega, 2013; Vergara-Rodr ıguez et al., 2017) . Commercialization could be another important cause of increasing over-gathering practices. P. peltilimba is commercialized in regional markets in the Tehuaca´n Valley, which indicates its high demand, and the high risk of wild populations because of the absence of management practices (Arellanes et al., 2013) , due to the difficulty to propagate it, which is the main reason to continue gathering it from the wild . Nevertheless, the same species is under some kind of management in the homegardens of Camotla´n, Oaxaca (Perez-Nicolas, Vibrans, & Romero-Manzanares, 2018), where its risk perception is different. Ixcatec people in Oaxaca gather P. quadrifolia from wild populations but also protect it leaving part of the plant in order for it to continue to grow and propagate. Some efforts have been done to propagate it ex situ, but "it does not like a different environment" (Rangel-Landa, Casas, Rivera-Lozoya, Torres-Garci a, & Vallejo-Ramos, 2016; Rangel-Landa, Casas, Garci a-Frapolli, & Lira, 2017). This human management, such as transplanting in 14 Tropical Conservation Science homegardens, is also reported for P. auritum (Browner, 1985; Blancas et al., 2013; Rangel-Landa et al., 2016) , P. sanctum (Solis-Rojas, 2006), and P. unguiculatum (Geck, 2018) . This variable information about different forms of management, and use intensity, stresses the need to develop studies focused on the evaluation of ecological parameters of wild populations of many of these species (density, microhabitat distribution), as well as to evaluate the effects of extraction from wild and to analyze the socioeconomic context of the localities where it occurs. In this study, P. quadrangularis, P. auritum, and P. aff. uhdei were recorded with high abundance in their wild populations, or at least in one of them. The rest of the species were recorded with scarce abundance. This evidence shows the relevance of forest management by the ethnic groups.
Even when some of the species are relevant in many ethnic and Mestizo groups because of their medicinal, food, or condiment uses, previous studies only reported one or few species (Arellanes et al., 2013; Blancas et al., 2013; Browner, 1985; Caballero, Corte´s, Mart ınez-Alfaro, & Lira-Saade, 2004; Frei et al., 1998; Geck, 2018; Geck et al., 2016; Giovannini & Heinrich, 2009; Luna-Jose´& Rend on-Aguilar, 2008; Salinas-Espinoza et al., 2017; Solis-Rojas, 2006) , and they correspond to 19 of the 106 species (Villaseñor, 2016) reported for this state (Caballero et al., 2004; Frei et al., 1998; Geck, 2018; Geck et al., 2016; Giovannini & Heinrich, 2009; Luna-Jose´& Rend on-Aguilar, 2012; PerezNicolas et al., 2017 PerezNicolas et al., , 2018 RangelLanda et al., 2016 RangelLanda et al., , 2017 Vergara-Rodr ıguez et al., 2017) . Among these, the most mentioned is P. auritum and in minor proportion P. peltilimba; the rest of the species are named only once (Table 2) . These previous studies were developed in eight ethnic groups, which is 50% of the total ethnic diversity of this state. In addition, few specimens in the consulted herbaria have ethnobotanical information, only P. schiedeanum, P. auritum, and P. amalago, and P. peltilimba, P. quadrifolia and P. rotundifolia. Especially the genus Peperomia has been less collected in the state.
Hence, this study represents a first synthesis about traditional use in several municipalities of Oaxaca, with great ethnic representation. A similar ethnobotanical relevance of this plant family has been reported for the Ecuadorian Amazon, with seven species used for medicinal purposes (Caballero-Serrano et al., 2019) .
Including our records and those reported in literature, 35 species and 6 affinities of Piperaceae have some use (Table 2) . Compared with the 106 species recorded for Oaxaca (Fonseca & Samain, 2011) , 33% of the species are used. However, given the aromatic and palatability properties of the family (a more conspicuous aspect in Peperomia, Figure 2(a) ), it is to be expected that additional species and uses will be recorded in future ethnobotanical expeditions.
The main uses of Peperomia and Piper species found in this study are as medicinal and edible plants. In the case of medicinal applications, this high richness of useful species is in accordance with those reported in literature for Mexico and for Oaxaca (Aguilar et al., 1994; Andrade-Cetto & Heinrich, 2005; Estrada-Reyes et al., 2013; Fournet et al., 1996; Frei et al., 1998; Garci a et al., 2007; Geck, 2018; Geck et al., 2016; Giovannini & Heinrich, 2009; Mahiou et al., 1995; Marti nez, 1969; Roersch, 2010; Schultes & Hofmann, 2000) .
However, this is not the case for food or condiment uses, because only P. peltilimba (Arellanes et al., 2013; Perez-Nicolas et al., 2018) , P. quadrifolia (Rangel-Landa et al., 2016 , and P. hernandiifolia (Luna-Jose´& Rend on- Aguilar, 2012) are reported in literature, while in this study, we recorded five species.
Ceremony or ritual use is another well-represented category in this study, with six species. However, P. amalago and P. unguiculatum are the only species mentioned in the literature (Frei et al., 1998; Geck, 2018; Geck et al., 2016) .
In the case of veterinary use, we added another record with P. peltatum, because the only species mentioned for this application in literature was P. auritum (Salinas-Espinoza et al., 2017) .
Some species used in Oaxaca in at least one category are also reported in other countries, such as P. aduncum, whose record in the municipality of San Pedro Y olox (Table 1) to reduce bleeding caused by a cut, has also been observed in Cuba (Abreu, Sa´nchez, Pino, & Barreto, 2015) and Brazil (Vianna & Akisue, 1997) . P. umbellatum, mentioned to alleviate stomachache in San Juan Yaee´, has the same use in Nigeria (Ejele, Duru, Oze, Iwu, & Ogukwe, 2012) , and its use to clean skin rash in Eloxochitla´n de Flores Mag on is similar to that given in Brazil, where it is applied for the treatment of skin lesions (Brohem et al., 2009) . This consistency in the use of the same species in distant geographic localities indicates the soundness of traditional knowledge, as well as the empirical recognition of specific properties of plants. These evidences of patterns of knowledge and use of specific plant species to satisfy specific needs are every time more forceful (Caballero et al., 2004; Weckerle et al., 2012) .
Based on the multivariate analysis, it was determined that there is no bias in species composition between voucher specimens of herbaria and our records in the study area. Moreover, it indicates that there are many regions of Oaxaca that have not been explored yet for the family.
This study also reinforces the previously reported pattern (Bernal-Ram ırez et al., 2019; Rend on-Aguilar, Bernal-Ram ırez, & Bravo-Avilez, 2017; Rendon-Aguilar, Table 2 . Useful species of Piperaceae in Oaxaca, Mexico at present. The contribution of the present study is indicated in bold. Cuicatec (Cui); Chinantec (Ch); Ixcatec (Ix); Mazatec (Ma); Mixtec (Mix); Nahua (Na); Zapotec (Za); Zoque (Zo). Condiment (Co); Food (F); Medicine (Me); Veterinary (Ve); Not indicated (ni). Tropical Conservation Science
Bernal-Ram ırez, Bravo-Avilez, & Mendoza-Ruiz, 2017) that there is a differentiated ethnobotanical knowledge and use of this family among ethnic groups, which is the case mainly for Chinantec and Zoque people for lowland and tropical species, as well as Mazatec and Zapotec people for species of temperate zones. This concordance among distribution of this family, traditional knowledge, and uses are basic aspects that reinforce the proposal that areas of higher biodiversity are related with ethnic groups (Pretty et al., 2009) , and that they maintain and take care of the plant cover areas that provide them with the natural resources they rely on in their daily activities. The traditional uses preserved and transmitted over the years have led to studies with scientific approaches of some species. In the case of Peperomia, these are focused on phytochemistry, pharmacology, ecology, phytopathology, germination, and plant physiology of few species such as P. obtusifolia (Alfieri & Knauss, 1973; Horner, 2012; Rivas et al., 2003; Strojny, 2000) ; Peperomia blanda (Jardim et al., 2015) , and P. rotundifolia (Lans, 2006 (Lans, , 2007 .
Scientific approaches are more numerous in Piper than in Peperomia, and in more species, such as P. auritum (Estrada-Reyes et al., 2013; Lepe & Jimenez, 1972 ; L opez-Barreiro, Garc ıa-Herna´ndez, Boucourt-Rodr ıguez, & Morej on-Rodr ıguez, 2014; Mart ınez-Padr on, Palmero-Alvarez, G omez-Zayas, & Dom ınguez-Sard ıñas, 2011), P. aduncum (Abreu et al., 2015; Da Silva et al., 2010; Kidd, 1996; Orjala, Erdelmeier, Wright, Rali, & Sticher, 1993; Rocha et al., 2011; Siges, 2005) , P. umbellatum (Bidla, Titanji, El-Ghazali, Bolad, & Berzins, 2004; Bonaccorso, Winkelmann, Dumont, & Thibault, 2002; De Carvalho-Ricardo, Uieda, Fonseca, & Rossi, 2014; M. L. A. Hammer & Johns, 1993; Hartemink, 2002; Hiratsuka, Toma, Diana, Hadriyanto, & Morikawa, 2006; Nghiem, Tan, & Corlett, 2015; Quimio & Quilario, 2007; Roersch, 2010) , P. amalago, and P. peltatum (Da Silva et al., 2010; Sosa et al., 2002; Valadeau et al., 2009) . These scientific studies also reinforce the traditional knowledge and value of this family.
Even when our ethnobotanical methodology consisted on an exploratory sampling technique, based on the selection by municipal authorities of local guides which are recognized as knowledgeable people within their community, there is no doubt that this article contributes to the record of traditional knowledge of this family in Oaxaca.
Ethnofloristic records of plants are a primary aspect of any ethnobotanical research. Basic information such as "which plants do you know," "what are they used for," "how do you use them," and "how are they named" represents the starting point of future research, in order to answer specific questions about the traditional knowledge, uses, cultural value, and management of plant resources.
Implications for Conservation
Piperaceae is one of the 10 most species-rich botanical families in Oaxaca (Garc ıa-Mendoza & Meave, 2011) and is also one of the most useful families in different ethnic groups in this state (Rend on-Aguilar, Bernal-Ram ırez, & Bravo-Avilez, 2017; Rendon-Aguilar, Bernal-Rami rez, Bravo-Avilez, & Mendoza-Ruiz, 2017), as they satisfy daily needs. Because most of these plant resources are collected from wild populations, it is necessary to conserve forested areas in order to continue the access to these vegetal resources.
Some of them come from particular microenvironments (e.g., rocks, specific phorophytes, wet canyons) and are conformed by small populations that, when drastically modified, could disappear. This is frequently observed in the different species of Peperomia, whose microhabitats are highly specific and habited by small populations. Even when some species have been propagated in home gardens, or traditional shade coffee plantations, many species can be found only in wild conditions, so an additional effort is needed in order to preserve natural populations, meaning that their habitat should also be preserved. Furthermore, the increased number of useful species registered for this family in this study suggests that more records could be added in future research. A notable aspect is that traditional knowledge is deep, persistent, and dynamic, and it currently has been recognized as a sustainable way to preserve these areas of high diversity in Oaxaca. Tropical Conservation Science
